Introduction
Monogeneans are Platyhelminthes, mostly ectoparasites on fish. Although the monophyly of the Monogenea is dubious [1, 2] , there is no doubt that each of the two components of the monogeneans, namely the Polyopisthocotylea and the Monopisthocotylea, are each monophyletic and members of the Neodermata, the parasitic and terminal group of Platyhelminthes, together with the Cestoda and the Trematoda [3] [4] [5] . Members of both monogenean groups deal with a major issue of parasitic life, attachment to the host, by a posterior organ named the haptor (or opisthaptor) which possesses specialized attachment structures [6] [7] [8] .
In the Polyopisthocotylea (the name means ''many sucker-cups at the rear'' [9] ) the posterior haptor includes suckers or clamps [6] , and the latter are considered one of the major morphological synapomorphies of the group [10] . These clamps, ranging in number from a few to hundreds, are highly specialized structures, often armed with sclerotised elements [6, [11] [12] [13] . Clamps attach to the host's surface (generally the gill of a marine fish) and thus allow the worm to resist the flow of water running through the gill chamber and to maintain position on its host [14] . The anterior body of the monogenean is deformable and allows it to feed from blood sucked from the gill [9] .
Although all known polyopisthocotyleans have suckers or clamps, a single exception is represented by the species Lethacotyle fijiensis Manter & Prince, 1953 [15] . This worm is a parasite on the gills of an unnamed carangid fish off Fiji, a South Pacific island. The species was described, however, from only two specimens (among which only one is still in a museum collection) and the authors mentioned that there was a possibility that the clamps could have been lost -this is not an unusual phenomenon when specimens are not collected in optimal conditions. Hargis (1957) [16] also expressed doubt over the accuracy of the original description and considered that the complete absence of clamps was ''unique and puzzling.'' Later Ramalingam (1966 Ramalingam ( , 1968 [17, 18] found other specimens of Lethacotyle Manter & Prince, 1953 on a carangid off the Andaman Islands, and confirmed the absence of clamps in adult and juvenile worms. However, Ramalingam's papers [17, 18] were largely ignored, i.e. by Llewellyn (1971) [19] who commented that ''such extraordinary occurrences deserve reexamination.'' Thus, in all, our current knowledge of Lethacotyle, in spite of its uniqueness and interest, is based on the observation of four specimens, three adults and one juvenile, in which only one has been kept in a museum and is available to study (Figure 1) . No work has been published on Lethacotyle during the past 40 years and the doubts concerning the absence of clamps, expressed in the original description [15] and subsequent comments [16, 19] , have remained problematic.
We collected off New Caledonia, another South Pacific island, a series of specimens of a previously unrecognized species of Lethacotyle. Specimens were collected in perfect condition for morphological study and were submitted to modern molecular analysis; the new species is described herein.
Further, during our current studies of Lethacotyle including comparisons among related monogeneans, we noted that clamps in species of protomicrocotylids were relatively small in comparison to the body. Thus, although individual clamps were not especially small, all clamps together occupied a small surface area of the body in comparison to other species of polyopisthocotylean monogeneans. Our observations suggest that clamps are reduced, or vestigial, in this family, an assertion based on the ubiquitous distribution of these attributes among basal polyopisthocotyleans and the putative phylogenetic relationships for the Protomicrocotylidae Johnston & Tiegs, 1922 [4, 6] . To test this hypothesis, we explored the phylogenetic placement of the Protomicrocotylidae and we compared the ratio for surface of clamps: surface of body in 120 monogenean species belonging to the Gastrocotylinea Lebedev, 1972 . We found that the protomicrocotylids had the lowest ratio. Finally, we discuss the evolutionary significance of the absence of clamps in Lethacotyle spp., a unique feature among polyopisthocotylean monogeneans.
Materials and Methods

Hosts
Five specimens of Caranx papuensis Alleyne & MacLeay, 1877 were obtained in Nouméa City, New Caledonia, from amateur fishermen fishing from the piers of the harbour, or were bought at the fishmarket, from commercial fishmongers. The latter host specimens came from professional fisherman who specialize on mackerels, fish close to Nouméa City and bring back their catch within hours from the nearby fishing-grounds. Fish specimens are detailed in Table 1 with registration number, date, locality, length, weight and availability of photographs. Accurate identification of marine fish is often a problem in the South Pacific [20] [21] [22] [23] [24] , and photographs of the fish were used to determine species identity by several ichthyologists. In addition, fish tissues were collected, stored in 95% or 100% ethanol, and processed for molecular identification. Specimens of Caranx sexfasciatus Quoy & Gaimard, 1825 from the same locality were examined and provided specimens of the monogenean Neomicrocotyle sp. used for comparison of morphology and molecules.
Parasites
Monogeneans were collected alive or recently dead, flattened in cold ethanol, and routinely processed, including staining with carmine and mounting on a microscopic slide in Canada balsam [25] . Drawings were made using an Olympus BH2 microscope equipped with a drawing tube and differential interference contrast (DIC) optics. Measurements were made from pencil drawings with the help of a custom-made transparent rule, previously calibrated with a stage micrometer. Drawings were scanned and redrawn on a computer with Adobe Illustrator. All measurements are given in micrometres unless otherwise indicated. In the text and Tables, ''juvenile'' designates specimens with incomplete development of genital organs, especially of characteristic sclerotised organs.
Museum specimens
The following museum slides were examined: Bilaterocotyle novaeguineae Rohde, 1977 Figure 1) ; Protomicrocotyle pacifica, holotype, USNPC 9166. Names in the above list are those from the original labels, sometimes updated with correct taxonomy and current usage. Patricia Pilitt (USNPC) and Eileen Harris (BMNH) are thanked for arranging specimen loans.
Nomenclatural acts
The electronic edition of this article conforms to the requirements of the amended International Code of Zoological Nomenclature, and hence the new names contained herein are available under that Code from the electronic edition of this article. This published work and the nomenclatural acts it contains have been registered in ZooBank, the online registration system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated information viewed through any standard web browser by appending the LSID to the prefix ''http://zoobank.org/''. The LSID for this publication is: urn:lsid: zoobank.org:pub:596C3FF5-CD24-4733-95FD-CC060A7FF0EE. The electronic edition of this work was published in a journal with an ISSN, and has been archived and is available from the following digital repositories: PubMed Central, LOCKSS. 
Molecular sequences
Fish DNA was extracted from tissue samples of three specimens (Table 1) using NucleoSpin 96 tissue kit (Macherey-Nagel) following the manufacturer's instructions. The 59 region of the cytochrome oxidase I (COI) mitochondrial gene was amplified using the primers FishF1 (59-TCAACCAACCACAAAGA-CATTGGCAC-39) and FishR1 (59-TAGACTTCTGGGTGGC-CAAAGAATCA-39) [27] . Species identification was confirmed using the BOLD identification engine [28] .
One monogenean was cut in two parts: the anterior part, including the key sclerotised reproductive organs, was mounted, using routine methods, on a microscopic slide [25] as for whole worms, and the posterior part was used for DNA extraction. Thanks to this method, perfect traceability was insured between morphological and molecular methods (i.e. both were performed on the same monogenean individual); in addition, for host-parasite traceability, the individual host fish of the same individual monogenean was used for sequencing (Table 1) . DNA was also extracted from another, whole individual monogenean and provided the same sequence.
For monogeneans, as little tissue was available, DNA was extracted using NucleoSpin 96 tissue kit with a modified protocol: the NucleoSpin 96 Tissue Binding Plate was replaced by the Plasmid Binding Plate (Macherey-Nagel) and elution was performed in 60 mL. A 28S rDNA fragment of 700 bp was amplified using the universals primers C19 (59-ACCCGCTGAATTTAAG-CAT-39) and D2 (39-TCCGTGTTTCAAGACGG-59) [29] . PCR reactions were performed in final volume of 20 ml, containing: 1 ng of DNA, 16 CoralLoad PCR buffer, 3 mM MgCl2, 66 mM of each dNTP, 0.15 mM of each primer, and 0.5 units of Taq DNA polymerase (Qiagen). Thermocycles consisted in an initial denaturation step at 94uC for 49, followed by 38 cycles of denaturation at 94uC for 300, annealing at 60uC, for 300, and extension at 72uC for 19. The final extension was conducted at 72uC for 79. PCR products were visualized on a 1.5% agarose gel, purified and directly sequenced in both directions on 3730xl DNA Analyzer 96-capillary sequencers (Applied Biosystems) at Genoscope (É vry, France). Sequences were edited and assembled using CodonCode Aligner software (CodonCode Corporation, Dedham, MA, USA). Sequences were deposited in GenBank under the accession numbers KF378583-KF378585 (fish) and KF378588-KF378589 (monogeneans).
Phylogenetic analysis of polyopisthocotylean monogeneans
The data matrix was built from the published alignment of Olson & Littlewood [30] (available from http://ebi.edu.au/ftp/ databases/embl/align/ALIGN_000150.dat), restricted to the Polyopisthocotylea excluding Polystomatidae and Sphyranuridae (this corresponds to the group designated as Oligonchoinea in [30] ; for equivalences of monogenean terminology, see Table 1 in [4] ) to which were added two newly obtained sequences of 28S: one from Lethacotyle vera n. sp. (KF378588), and one from an unidentified species of Neomicrocotyle Ramalingam, 1960 (KF378589) from Caranx sexfasciatus. There is general agreement that the Oligonchoinea are monophyletic and that the Hexabothriidae are basal among them [10, [30] [31] [32] , so the two hexabothriids of the original alignment were chosen as an outgroup.
Phylogenetic reconstruction was computed using the GTR+I+C model, selected as the best-fitting model of nucleotide evolution for 28S marker with ModelTest [33] , in conjunction with PAUP 4.0b10 [34] , following the AIC criterion. Trees were inferred using two probabilistic approaches: maximum likelihood with a nonparametric bootstrap (BP) using RaxML [35] 
Analysis of relative importance of clamps in gastrocotylinean monogeneans
We compared the structure and the taxonomic distribution of clamps across the major group, the Gastrocotylinea Lebedev, 1972 [38] , which contains the protomicrocotylids [39] . This is one of the largest groups of polyopisthocotylean monogeneans, which is characterized by a common, complex clamp structure known as ''gastrocotylid'' [19, 40] (but see below for changes of this structure in some protomicrocotylids).
Figures in the global literature were extracted from published PDF files or scanned from printed papers with a table top scanner with a 600 dpi resolution. The outlines of the body and of individual clamps were drawn with Adobe Illustrator and then filled in black. Drawings were exported in JPG format and area measurements (whole body including clamps and total of all clamps) were taken with ImageJ [41] on digital files. We checked against WoRMS [42] (date: 14 May 2013), the list of species of Gastrocotylinea for which we could obtain illustrations of sufficient quality. Our database includes 120 species; 9 of these species were not in WoRMS; the remaining 111 species represented 78% of the 142 species included in WoRMS. The 120 figures are available in a Supplementary File. The statistical significance of differences between families was tested with Mann & Whitney U test.
Ethics statement
Fish used for collection of parasites were dead at the time we acquired them for study, having been commercially caught, and available for purchase at the Nouméa fish market; no permits were required for the described study, which complied with all relevant regulations. 
Abbreviations
Results
Morphology of available specimens
Museum specimens (or sometimes photographs of specimens) of species of protomicrocotylids, belonging to the genera Lethacotyle, Protomicrocotyle, Neomicrocotyle, and Bilaterocotyle were examined for the presence of clamps and other structures on the haptor. The number of clamps was found to be consistent with the published descriptions of species; particularly, we found no specimen with an incomplete number of clamps (i.e. only 5 clamps when 6 were described for the species). The single specimen of Lethacotyle fijiensis has no clamp ( Figure 2 ), as emphasized in its original description [15] ; the same is true for all specimens of our new species (formally described below).
Two types of clamps were found in specimens of protomicrocotylids (Figure 3 ), i.e. ''gastrocotylid'' type (with additional sclerite) and ''microcotylid'' type (without the sclerite).
In addition, we looked for striations on the haptor in specimens, or sought for the mention of striations in the descriptions. Table 2 shows that haptoral striations were often, but not always, mentioned in the descriptions of protomicrocotylids. Such striations are apparently not recorded (or observed) in other members of the Gastrocotylinea (and in polyopisthocotylean monogeneans as well), with the possible exception of a pseudodiclidophorid [43] .
Relative importance of clamps in gastrocotylinean monogeneans
Examples of line drawings are shown in Figure 4 ; all 120 drawings are in the supplementary file. Data are in Table 3 . Results of the comparison are presented in Figure 5 (data shown for all 120 species) and Figure 6 (data grouped by families). Among the 25 species with the smallest clamp: body ratios, 21 (84%) are protomicrocotylids ( Figure 5 ). The clamp: body ratio in protomicrocotylids is the smallest of all families ( Figure 6 ); ratios are smaller in protomicrocotylids than in each of the other families, and the differences are significant, except for the pseudodiclidophorids ( Table 4) . The blast search processed on BOLD engine [28] for the fish specimens MNHN JNC1988, JNC3188, JNC3209 ( Table 2 . Striations and other structures mentioned in protomicrocotylids.
Description of the new species
Species
Observation Reference
Subfamily Protomicrocotylinae
Lethacotyle vera n. sp. Bilaterocotyle chirocentrosus Transversal striations not described, but well visible on Figs. 14, 15 [66] Neomicrocotyle indicus ''The posterior portion of the body and the dumb-bell shaped haptor show transverse striations which give a spiny appearance to the surface of the worm''; Fig. 1 [67]
Bilaterocotyle lucknowensis Pharynx subovate, muscular, median and immediately posterior to prohaptoral suckers. Oesophagus long, devoid of diverticula, bifurcating to 2 intestinal caeca at level of genital atrium. Intestinal caecum in each lateral field of body proper, extending into haptor to anteriormost part of lappet; lateral intestinal diverticula numerous, branched, often indistinct; short diverticula in anterior haptor, no diverticula in lappet.
Genital atrium unarmed, median. Testes ovoid, pregermarial, intercaecal, in 2 bilateral rows along body midline. Vas deferens expanding just anterior to anteriormost testis into seminal vesicle filled with sperm; seminal vesicle continued anteriorly by wide canal to male copulatory organ (MCO); vas efferentia and prostate not visible. MCO an elongate bulb, with muscular wall and internal coiled canal, armed with anterior spines; mass of bulb sometimes protruding anterior to spines. Spines arranged in a tight circle (''genital corona''), with tips directed outward and extending into genital atrium. Spines elongate, with blunt ends, elongate root, and thumb located at anterior third. General arrangement of spines of genital corona slightly variable with specimens ( Figures 7B, 7C, 8C, 8D ), but morphology of spines similar in all adult specimens.
Germarium intercaecal, with posterior immature mass, anteriorly directed branch, posteriorly directed looped mature branch ( Figure 8E ). Small coiled canal with visible wall from extremity of germarium to posterior part of ootype. Ootype elongate, median, with basal Mehlis' glands, continued anteriorly as uterus. Uterus linear, thin walled, extending up to genital atrium; superposed to seminal vesicle along part of its path. Median vitelline duct ventrally superposed to ootype (in holotype), anterior paired vitelline branches visible only on short distance.
Vaginal pore ventral, at midlength of MCO bulb level, on either side of body midline but opposite to that of haptoral pads. Vagina comprising anterior smooth part and posterior sclerotised part. Sclerotised part ( Figure 7D ) cone-shaped, with pointed extremity posterior; internal longitudinal crests with irregular spines; posterior end a small sclerotised conical canal. Smooth canal between sclerotised part and rest of female organs not seen.
Vitellarium in two lateral fields, never dense; anterior extremity at level of seminal vesicle; posterior extremity at level of haptoral anterior pad, i.e. anteriormost and posteriormost part of intestine not coextensive with vitellarium.
Egg elongate, with long anterior and posterior filaments ( Figure 7E ). In utero, egg length 220-225, width 82-95, filament length 412-467 (n = 2).
Juvenile specimens (Figures 8A, 8B) . Two juvenile specimens briefly described for differential maturation of organs and sclerotised parts. One specimen (slide MNHN JNC3188A1, Figure 8A ), 1300 in length, 320 in width: body almost symmetrical, haptoral pads barely visible; MCO spines incomplete, 22-24 in length, no thumbs on spines ( Figure 8B) ; vagina a denser zone, no sclerotisation; germarium visible, testis zone an indistinct mass; haptoral hooks not well oriented. One specimen (slide MNHN JNC1185A3, not figured), 1700 in length, 350 in width, body symmetrical, MCO a dense mass without sclerotisation, all other genital organs indistinct; haptoral sclerotised parts well visible, morphology of lateral and median anchors similar to adult. Note that the longest juvenile specimen is apparently the less mature according to less differentiated sclerotised parts.
Differential diagnosis
Lethacotyle vera n. sp. is similar to the single species described in the genus, L. fijiensis, based on the following characters (Table 5) : body shape, and especially haptoral shape; total absence of clamps; body dimensions (mean 4340, 2300-5720) vs 3156-3759 in L. fijiensis [15] ; presence of a circle of spines in MCO and shape of individual spines; number of spines 23 (17-27) vs 24-25 in L. fijiensis; shape of cone-like sclerotised vagina; shape and position of sclerotised haptoral parts.
It differs in MCO spine length (mean 5065.7, 35-66) vs 24 in L. fijiensis and shape of sclerotised vagina longitudinal crests, with irregular spines along length vs with minute terminal spines in L. fijiensis. The length of MCO spines in the holotype of L. fijiensis was ascertained by scaled photographs. Note that in specimens of ''L. fijiensis'' described by Ramalingam [17, 18] the length of the MCO spines was reported as 15 (vs 24 in original description [15] ) and thus this might represent another species (see below); L. vera n. sp. is distinct from this putative species by the length of MCO spines.
Phylogenetic position of the new species
A phylogenetic analysis of 28S sequences (Figure 9) show that the new species forms a clade (PP = 0.99, BP ML = 95) with Neomicrocotyle pacifica (from Caranx hippos (Linnaeus, 1766) off Mexico [30] ) and Neomicrocotyle sp. (our specimens from Caranx sexfasciatus off New Caledonia), the two other protomicrocotylids of the dataset.
Discussion
Taxonomic discussion of the new species Lebedev (1986) [39] . The taxonomic confusion about the authority for the family Protomicrocotylidae in this list will not be commented upon here, but the challenge for classification clearly originates in the structure of the clamps (or their absence). The classification of polyopisthocotylean monogeneans is mainly based on clamp structure, but protomicrocotylids are unique in that this structure changes relative to each genus within the family: Protomicrocotyle has clamps of the gastrocotylid type, but Neomicrocotyle has clamps of the microcotylid type. In addition, the asymmetrical morphology of the haptor in protomicrocotylids has been considered as ''extraordinary'' [19] . Unfortunately, the genus Lethacotyle was not included in discussions of modern phylogenies of monogeneans [10, 45] .
Our molecular phylogenetic analysis shows that Lethacotyle vera n. sp. groups with two species of Neomicrocotyle and thus confirms that the genus Lethacotyle belongs to the Protomicrocotylidae, in spite of the absence of clamps. An hypothesis could be proposed, in which Lethacotyle would be a primitive species without clamps, with more derived species having clamps; our analyses clearly falsify this hypothesis, and demonstrate that the Protomicrocotylidae is not among the basal groups among the polyopisthocotyleans and the Gastrocotylinea.
Species in Lethacotyle
Manter & Prince (1953) described L. fijiensis from two specimens from ''yellow jack'' [15] ; the identification of the host fish is vague, as often with Manter's work (other cases: [46, 47] ), and almost useless (many carangids are partly yellow). Only one monogenean specimen, the holotype of L. fijiensis, is kept in the USNPC collections (Figure 1) .
Ramalingam [17, 18] described a species of Lethacotyle from ''Caranx sexfasciatus'' from off the Andaman Islands, and claimed it was the same species as L. fijiensis. No deposition of specimens in a curated collection or museum is mentioned in the papers. The MCO spines as described by Ramalingam are 15 mm in length.
The host of the Lethacotyle species described by Ramalingam is ''C. sexfasciatus'' but the author mentioned that the carangids were 15 cm [18] and 5.2-26.5 cm [17] in length. Maturity of C. sexfasciatus is attained at 40 cm, common length is 60 cm, and maximum published weight is 18 kg [48] . Species identification of carangids, when they are adult, is often difficult, but the validity of species identification of the small specimens examined by Ramalingam is certainly dubious.
Therefore, we consider that: (a) the host of L. fijiensis in Fiji is an unknown carangid (due to insufficient host identification by Manter & Prince [15] ); (b) the host of the Lethacotyle species described by Ramalingam is an unknown carangid, due to identification from immature fish specimens [17, 18] , and we see no reason why it should be the same species as Manter & Prince's host fish. It might be C. sexfasciatus, as claimed by the author; however, we examined several C. sexfasciatus from off Australia and New Caledonia, and found no species of Lethacotyle [49] ; (c) it is likely, based on collections from widely separated areas (Andaman Islands vs Fiji, which are separated by 9,000 km), the probability of different host species, and differences in measurements of the The outlines of body and clamps were redrawn on computer from original publications or from our own drawings, and the surface was calculated using ImageJ. Names of species follow WoRMS [42] ; if different, name used in publication also indicated. MCO spines (Table 5 ), that the species described by Ramalingam is distinct from both L. fijiensis and L. vera n. sp.; (d) and thus, Lethacotyle probably comprises, at least, three species. Our species is the first referred to Lethacotyle with a precise host identification. We have examined a number of other carangids from several genera off New Caledonia [47, [49] [50] [51] [52] [53] and found L. vera n. sp. only on C. papuensis, suggesting that species of Lethacotyle are specific to Caranx species. It is likely that the ''yellow jack'' of Manter & Prince (1953) [15] and the carangid of Ramalingam [17, 18] , both identified with suboptimal precision, were species of Caranx, but, as explained above, not necessarily conspecific.
Clamps in protomicrocotylids vs other monogeneans
Our results (Figures 5, 6 ) show that the clamp surface is significantly smaller in species of the protomicrocotylids in comparison to other gastrocotylinean monogeneans. In addition, our description of L. vera n. sp. confirms that clamps are completely absent in members of the genus Lethacotyle. Clamps are an important and characteristic part of the anatomy of polyopisthocotylean monogeneans, and are clearly the main organ used for attachment to the host [6, 8, [11] [12] [13] . Protomicrocotylids, no less than other monogeneans, need to maintain attachment to their host. In a fluid environment maintenance of position on the external surfaces of the host represents a challenge, and one potentially heightened for protomicrocotylids that possess miniscule clamps, and for species of Lethacotyle, in which clamps are completely absent. We hypothesize that other structures play a role in host attachment in protomicrocotylids, as habitat selected by these monogeneans (the fish gill) does not differ substantially from that characteristic of other gastrocotylineans which have fully developed clamps. Among protomicrocotylids, fixation may be attained by the combined action of the haptoral hooks, the lateral flaps of the haptor, and the striations on the posterior haptoral lappet. Hooks are relatively small in protomicrocotylids and are thus not considered of importance in attachment.
Ramalingam [18] , apparently from a study of living specimens (although this is not clearly stated in his paper) described the flaps of the haptor and reported that ''the gap between the flaps in the anteroposterior axis can be narrowed by the contraction of the body in this region as well as by the extensile power of the flaps thus bringing their free ends in contact with each other or may lead to overlapping condition''. He explained that the flaps ''on The Monogenean Which Lost Its Clamps coming into contact with the filaments may either press against them thus helping to hold on to them or after getting a hold around the filaments may adpress them against the body and thus effect a hold on to the gills''. He concluded ''this mode of effecting attachment to the gills by means of outgrowths of body surface is unique in Monogenea. An adventious growth of the body surface as seen in this case is rather unique and possibly nothing parallel is known among the animal kingdom''.
Unfortunately, we cannot confirm Ramalingam's observations and hypotheses, having not observed living worms. Striations are visible on the posterior lappet of L. vera n. sp., and also on other protomicrocotylids (Table 5) . Such transverse striations are rather unique among monogeneans. Some information about the precise habitat of protomicrocotylids are available; Rohde [54] stated that Protomicrocotyle sp. was only found on the posterior surface of the internal filaments of the first gill of Caranx melampygus Cuvier, 1833. Wahl described the position of specimens of Protomicrocotyle ivoriensis Wahl, 1972 and P. mirabilis according to their asymmetry and noted that the posterior lappet was intercalated between two gill lamellae ( [55] , p. 329). Indeed, transverse striations are probably efficient for attachment, by increasing friction, only when the posterior lappet is perpendicular to the longitudinal axis of the worm, and firmly applied against the gill surface.
It is apparent that development of a complex of organs associated with the haptor, and a reduction in the size and complexity of the clamps is associated with evolution of the Protomicrocotylidae. In this group, development of organs for the attachment on the host, including lateral flaps and posterior tegumental striations, or a combination of these two structures, apparently renders clamps of little significance for attachment. It is not clear which came first (reduction of the clamps or development of a complex of tegumental organs for attachment), and comprehensive phylogenetic analysis of all members of the family would be needed to resolve this question [56] . Given the overall phylogenetic placement of the family, and relative to other Gastrocotylinea, clamps must be considered vestigial organs in most protomicrocotylids (genera Protomicrocotyle, Neomicrocotyle, Bilaterocotyle and Bilaterocotyloides) and are absent in species of Lethacotyle. The existence of two major types of clamp structures (gastrocotylid type in Protomicrocotyle, microcotylid type in Neomicrocotyle) which puzzled systematists [8, 16, 19] , is consistent with a secondary loss of the accessory sclerites in Neomicrocotyle, trans- forming the more complex gastrocotylid clamp into a simpler microcotylid-like clamp.
The Pseudodiclidophoridae also have a small clamp: body ratio, slightly higher than but not significantly different from the protomicrocotylids ( Figure 6 , Table 4 ). As our study concerns mainly the protomicrocotylids, we provide here only limited comments about pseudodiclidophorids. Only 5 pseudodiclidophorids were studied, and none has completely lost the clamps; one has transverse striations [43] , and one, Allopseudodiclidophora opelu Yamaguti, 1965 ( Figure 4F ) has a ''long anchor-bearing appendage'' [57] ; several have outstandingly wide posterior bodies that evoke the possibility of this part working as a sucker, as suggested for the microcotylid Aspinatrium gallieni Euzet & Ktari, 1971 [58] . These observations suggest that reduction in clamps, coincidental with development of secondary organs of attachment is a rare event, but has occurred in multiple lineages of phylogenetically disparate polyopisthocotyleans. Among some pseudodiclidophorids, evolution towards a reduced role of clamps has occurred without attaining the secondarily simplified microcotylid-like structure nor the total absence observed within the protomicrocotylids. Establishing phylogenetic context is a primary foundation necessary to differentiate between secondary loss (as proposed for these lineages of monogeneans) in contrast to plesiomorphic absence [56] . Additionally, the phylogenetic framework is critical for establishing the temporal association and sequence of evolutionary modification in complex attributes.
Clamps of protomicrocotylids as vestigial organs
Vestigial organs are structures that have apparently lost their ancestral function in a species, and for which homologous and functional organs are known in related species. Typical examples are the loss or reduction of flight organs in some island-dwelling All measurements are in mm, in the form: mean (minimum-maximum), except for a few measurements with sample .30, for which measurements are in the form: mean 6 standard deviation (minimum-maximum). doi:10.1371/journal.pone.0079155.t005 species (in insects or birds, independently), limbs bones in cetaceans, or the loss of eyes and pigmentation in cavern-dwelling species which have occurred under changing regimes for selection [59] [60] [61] [62] . Parasites, in old anthropogenic interpretations, were considered ''simpler'' than free-living animals because they had lost certain organs (such as the intestine in cestodes)(e.g. [56] ). More nuanced observations have demonstrated the considerable specialization and structural and biochemical complexity of helminths which often have complexes of novel organ systems in relation to parasitism, such as various sensory attributes in larvae, used to seek hosts [56, 63] . In Lethacotyle and protomicrocotylids, the loss and modification of organs concerns the haptor and clamps, body parts of the monogeneans which are clearly an adaptation to ectoparasitism. The occurrence of vestigial clamps or the complete absence of clamps, however, does not demonstrate that these parasites are ''simplified''. In contrast, reduction has occurred in the evolutionary context for development of novel structures for attachment (flaps and striations) which are unique among any of the lineages of the monogeneans. 
